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How We Regulate

1 Regulations and Guidance
* Rulemaking

* Guidance Development

* Generic Communications
* Standards Development

Support for Decisions 2 | Licensing,

Operational » Research Activities Decommissioning
ME ) * Risk Assessment and Certification
* * Performance Assessment * Licensing

o GErai s « Advisory Committee Activities « Decommissioning

« Adjudication « Certification

Oversight

® Inspection

* Assessment of Performance
* Enforcement

* Allegations

* |nvestigations

* Incident Response

1. Developing regulations and guidance for applicants and licensees.

2. Licensing or certifying applicants to use nuclear materials, operate nuclear
facilities, and decommission facilities.

3. Inspecting and assessing licensee operations and facilities to ensure licensees
comply with NRC requirements, responding to incidents, investigating
allegations of wrongdoing and taking appropriate followup or enforcement
actions when necessary.

4. Evaluating operational experience of licensed facilities and activities.

5. Conducting research, holding hearings, and obtaining independent reviews to
support regulatory decisions.



NRC Regions

Region IV Region Region I

HI

ll.

h. i}Headquar’[ers (1)
@ Regional Office (4)
[[] Technical Training Center (1)

Nuclear Power Plants
® Each regional office oversees the plants in its region except for the Callaway plant in Missouri,
which Region IV oversee.

Materials Licensees
® Region | oversees licensees and Federal facilities located geographically in Region | and Region 1.
® Region lll oversees licensees and Federal facilities located geographically in Region Il
® Region IV oversees licensees and Federal facilities located geographically in Region IV.

Nuclear Fuel Processing Facilities
® Region Il oversees all the fuel processing facilities in the region and those in lllinois, New Mexico,
and Washington.
® Region Il also handles all construction inspectors’ activities for new nuclear power plants and fuel
cycle facilities in all regions.
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NRC Budget Authority and Personnel
Ceiling, FYs 2004-2014

Budget Authority °
Dollars in Millions @ Full-Time Equivalent (FTE) Staff

Note: Dollars are rounded to the nearest million.

Headquarters FY 201 4

Staff by Location
Total FTE: 3,815

Regions

973
26%




NRC FY 2014 Distribution of Budget Authority
and Staff; Recovery of NRC Budget

$811.4 Million
5 &)

Nuclear
Reactor
Safety

Program
T7%

Nuclear
Materials
and Waste
Safety Program
22%

Inspector
General
1%

63
FTE @ $232.5 Million

2%
@ -

Materials Fees
$12 Million

Total Authority
FY 2014: $1,055.9 Million

Recovery of NRC Budget 90%

Note: The NRC incorporates corporate and administrative costs proportionately within programs.

Total Budget
to be Recovered
10% of Budget FY 2014:
Not Recovered $930.7 Million




NRC Public Participation and Interaction

Public Meetings General Inquiries Information Education
Open o Phone A Meetings and Business
Closed JiA Mail — Scoping - Outreach
E-mail M Preliminary Minorities Groups
In Person Counterpart Small Business
Information

Vendors/Contracts
Recruitment @ @

o®e N/
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Exchan ges
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“FLUSNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

(¢

Resident 10 CFR 2.206 Petition
Inspectors in the Electronic or Hard Copy
Community

2

AdvisO_rV Public Document Conferences Emergency
Committee Room International Preparedness
Meetings Phone Trade .. AR Federal
[ ] : II ] )
E-mail Industry e \\u” State
In Person T Local

bt

Media Outreach
Press Conferences
Press Releases

Public Comments

Regulations. govl Y I

o Mail

A CE—
Editiorial Boards E mail
Interviews
Verball at
-— ﬁ“i Public Meetlngs |l%
—

o
ol

Web Site

www.nrc.gov

Adjudicatory
Hearings

Visitors to the

Social Media

Blog 20N Agency
Twitter C! .
YouTube .
Fick  You{[T i\ ’ﬂ
Facebook

twitterd l
flickr

Open Houses Congressional Allegations Petitions for Federal Register
Hearings Rulemaking Notices
. 00 —




Bilateral Information Exchange and

Cooperation Agreements with the NRC

Argentina, 2019 Greece, 2018
Armenia, 2017 Hungary, 2017
Australia, 2018 India, 2018

Belgium, 2014 Indonesia, 2013
Brazil, 2014 Israel, 2016
Bulgaria, 2017 [taly, 2015

Canada, 2017 Japan, 2015

China, 2018 Jordan, 2017
Croatia, 2018 Kazakhstan, 2014
Czech Republic, 2014 Korea, Rep. of, 2017
Egypt, 1991 Lithuania, 2015
EURATOM, 2014 Mexico, 2017
Finland, 2016 Netherlands, 2018
France, 2018 Peru, Open-Ended
Germany, 2018 Philippines, Open-Ended

Poland, 2015
Romania, 2016
Russia;” 2001
Slovakia, 2015
Slovenia, 2016

South Africa, 2014
Spain, 2015

Sweden, 2016
Switzerland, 2017
Thailand, 2017

Turkey, 2017

Ukraine, 2016

United Arab Emirates, 2015
United Kingdom, 2018
Vietnam, 2018

Note: The country’s short-form name is used. The NRC also provides support to the American Institute in
Taiwan. Egypt's agreement has been deferred until its regulatory body requests reinstatement.

EURATOM —The European Atomic Energy Community
* In negotiation



Operating Nuclear Power Plants Worldwide

countries 4 CB 4 o ndict .
. ndicates a country wi
Wlth HUC].ear reactors no nuclear reactors

Source: IAEA, Power Reactor Information System database, as of July 2013



Nuclear Share of Electricity Generated by Country

France Slovakia Belgium Ukraine

Ve0C

Hungary Sweden Slovenia Switzerland
4R\ 74 ( (
\_ A (‘ w

b1% 46% 36% 36%
Czech Rep. Finland Bulgaria Rep. Korea Armenia i Romania U.S.A.
35% 33% 32% 30%
United Kingdom Russia Germany Canada
== a * |
’ ./
48 '
18% 18% 16% 15%
Netherlands India Brazil
4% 4% 3% 2%

Note: The country's short-form name is used.
Source: IAEA, Power Reactor Information System database, as of May 2013



U.S. Net Electric Generation by Energy Source, 2012
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Source: DOE/EIA, May 2013, www.eia.doe.gov Note: Figures are rounded to the nearest whole digit.
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U.S. Net Electric Generation by Energy Source, 2003-2012

A
2,000 —
W Coal N 2
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o
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© Nuclear
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= Petroleum - ene ablex <z
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E 06072 08 09a 11""‘1%
Year

* Gas includes natural gas, blast furnace gas, propane gas, and other manufactured and waste gases

derived from fossil fuel.

** Hydroelectric includes conventional hydroelectric and hydroelectric pumped storage.
*** Renewable energy includes geothermal, wood and nonwood waste, wind, and solar energy.
Source: DOE/EIA, May 2013, www.eia.doe.gov



Net Electricity Generated in Each State by Nuclear Power

> 50%

None 1-24% 4 States
19 States 16 States

Source: DOE/EIA, “State Electricity Profiles,” Data from May 2013, www.eia.doe.gov




Power Uprates: Past, Current, and Future

Projected

Uprates
Under Review: QOLﬁr_a;%i 7.

827 MWe




Typical Pressurized-Water Reactor

How Nuclear Reactors Work

In a typical design concept of a commercial PWR, the following process occurs:

1. The core inside the reactor vessel creates heat.

2. Pressurized water in the primary coolant loop carries the heat to the steam
generator.

3. Inside the steam generator, heat from the primary coolant loop vaporizes the
water in a secondary loop, producing steam.

4. The steamline directs the steam to the main turbine, causing it to turn the turbine
generator, which produces electricity.

The unused steam is exhausted to the condenser, where it is condensed into

water. The resulting water is pumped out of the condenser with a series of

pumps, reheated, and pumped back to the steam generator. The reactor’s core

contains fuel assemblies that are cooled by water circulated using electrically

powered pumps. These pumps and other operating systems in the plant receive

their power from the electrical grid. If offsite power is lost, emergency cooling

water is supplied by other pumps, which can be powered by onsite diesel

generators. Other safety systems, such as the containment cooling system, also

need electric power. PWRs contain between 150-200 fuel assemblies.

Steamline
Walls made of

concrete and
steel

3-5 feet thick
(1-1.5 meters)

4 Generator
Reactor Control
ods

Turbine
Generator

Demineralizer Reactor
Coolant
Pumps

E

i Emergency Water
Structure Supply Systems



Typical Pressurized-Water Reactor

Steamline !
Walls made of Containme

concrete and
steel

3-5 feet thick
(1-1.5 meters)

Reactor Control
Vessel Rods

Demineralizer Reactor

| Coolant
Pumps

Containment Emergency Water
Structure Supply Systems



Typical Boiling-Water Reactor

How Nuclear Reactors Work

In a typical design concept of a commercial BWR, the following process occurs:

1. The core inside the reactor vessel creates heat.

2. A steam-water mixture is produced when very pure water (reactor coolant)
moves upward through the core, absorbing heat.

3. The steam-water mixture leaves the top of the core and enters the two stages
of moisture separation where water droplets are removed before the steam is
allowed to enter the steamline.

4. The steamline directs the steam to the main turbine, causing it to turn the
turbine generator, which produces electricity.

The unused steam is exhausted to the condenser, where it is condensed into

water. The resulting water is pumped out of the condenser with a series of

pumps, reheated, and pumped back to the reactor vessel. The reactor’s core
contains fuel assemblies that are cooled by water circulated using electrically
powered pumps. These pumps and other operating systems in the plant receive
their power from the electrical grid. If offsite power is lost, emergency cooling
water is supplied by other pumps, which can be powered by onsite diesel
generators. Other safety systems, such as the containment cooling system, also
need electric power. BWRs contain between 370-800 fuel assemblies.

Walls made of
concrete and steel
3-5 feet thick
(1-1.5 meters)

Containment Emergency Water
Structure Supply Systems




Typical Boiling-Water Reactor

Walls made of

concrete and steel
Containment 3-5 feet thick
Cooling System QY (1-1.5 meters)

Steamline

Reactor Vessel
gl Turbine

Generator
Separators

&Dryers Heater

2
=

Condenser LI |

Condensate
Pumps

Feedwater

Demineralizer

Recirculation Pumps

~
Containment Emergency Water
Structure Supply Systems



U.S. Operating Commercial Nuclear Power Reactors

REGIONI

CONNECTICUT
& Millstone 2 and 3

MARYLAND
A Calvert Cliffs 1 and 2

MASSACHUSETTS
& Pilgrim

NEW HAMPSHIRE
A Seabrook

NEW JERSEY

. Hope Creek
& Oyster Creek
A Salem 1and2

NEW YORK

A. FitzPatrick

& Ginna

A ndian Point 2 and 3

& Nine Mile Point 1
and 2

PENNSYLVANIA

A. Beaver Valley 1 and 2
A Limerick 1 and 2

A Peach Bottom 2 and 3
A Susquehanna 1 and 2
A Three Mile Island 1

VERMONT
A Vermont Yankee

REGION II

ALABAMA

& Browns Ferry 1,2,
and 3

& Farley1and 2

FLORIDA
A& St.Lucie 1and 2
& Turkey Point 3 and 4

GEORGIA

& Edwin . Hatch 1
and 2

& \Vogtle 1 and 2

NORTH CAROLINA

A& Brunswick 1 and 2
& McGuire 1 and 2
& Haris 1

SOUTH CAROLINA

& Catawba1and 2
& Oconee 1,2,and 3
& Robinson 2

& Summer

TENNESSEE
& Sequoyah 1 and 2
& Watts Bar 1

VIRGINIA
A North Anna 1 and 2
& Surry 1and 2

Licensed to Operate (100)
REGION III REGION IV
ILLINOIS ARKANSAS
A& Braidwood 1 and 2 & Arkansas Nuclear 1 and 2
a 1 and
& o ARIZONA
& Dresden 2 and 3 & PaloVerde 1,2,and 3
A LaSalle 1and 2 CALIFORNIA
A Quad Cities 1 and 2 A Diablo Canyon 1 and 2
10WA KANSAS
& Duane Amold & Wolf Creek 1
MICHIGAN LOUISIANA
& Cook 1.and 2 & River Bend 1
A Fermi 2 A Waterford 3
A Palisades
MISSISSIPPI
MINNESOTA & Grand Gulf
A Monticello
A Praiie lsland 1 and2 ~ MISSOURI
& Callaway
OHIO
A Davis-Besse NEBRASKA
& Peny & Cooper
& Fort Calhoun
WISCONSIN
A, Point Beach 1and 2 TEXAS

& Comanche Peak 1 and 2
& South Texas Project 1
and 2

WASHINGTON
& Columbia



U.S. Operating Commercial Nuclear Power Reactors

B - 2 units
&: 3 units

Licensed to Operate (100)



Day in the Life of an NRC Resident Inspector

. An NRC Resident Inspector is a specially trained START

expert who lives in the community around the plant.
Each plant has at least two inspectors.

. Each morning, the inspector
visits the reactor’s control room
and gets information on the plant
status, which is relayed
to NRC offices.

.As with everyo
the plant, the ins
passes through se

checkpoints.

The inspector attends
plan-of-the-day meeting with
A plant officials to understand

thelr routine, what activities are planned.
the inspector

proceeds with
inspection
activities,

observes [
plant workers,
makes sure

Resident
Inspectors work as a team Inspectors play a

. and discuss safety issues with )
plant employees and submit \;gﬁrl]r:%ogtg n};c;le
publicly available reports. are the ag e‘n cy’sy
on-the-ground
eyes and ears.

o

Have a safe
day!

) Learn more about Resident Inspectors. Watch the videos on the
YI]II Tll hE NRC YouTube Channel at: www.youtube.com/user/NRCgov




NRC Post-Fukushima Safety Enhancements

Filter Strategy
Rulemaking

Seismic
Reevaluations, quipment

: ISpent Fuel,Pti)olJ
/ nstrumentation
Emergency | ((‘))
Preparedness .
Staffing . Emergency “"

Procedures

L= 0T ™

Preparedness Reevaluations
ommunications

industries term for mitigation's



NRC Inspection Effort at Operating Reactors, 2013

. Reactor Sites ’ Hours of Inspection Efforts per Site

Note: Data include calendar year (CY) 2013 hours for all activities related to baseline, plant-specific, generic safety issue,
and allegation inspections.



Reactor Oversight Action Matrix Performance Indicators

Performance Indicators

WHITE YELLOW

Increasing Safety Significance

Inspection Findings

WHITE YELLOW

Increasing Safety Significance




Reactor Oversight Framework

Mission

Key Areas

Cornerstones

Cross-Cutting
Areas




Industry Performance Indicators: Industry Averages,
FYs 2004-2013

Collective Radiation Exposure  This indicator monitors the
200 for Nuclear Plant Workers total radiation dose accumulated
by plant personnel.

117 Further Explanation:

In 2013, those workers receiving

a measurable dose of radiation
received an average of about

0.1 rem. For comparison purposes,

-
o
o

the average U.S. citizen receives
0.3 rem of radiation each year from
natural sources (i.e., the everyday

04 05 06 07 08 09 10 11 12 13 environment). See the definition of

“exposure” in the Glossary.

Average Exposure per Plant
(Person-rem)

Fiscal Year

Note: Data represents annual industry averages for operating reactors. The data is continuously updated to incorporate
recent information and any subsequent changes in its analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators: Industry Averages,
FYs 2004-2013

Automatic Scrams While Critical L : _
10 critical” when it achieves a

A reactor is considered

self-sustaining nuclear chain
reaction, such as when the
reactor is operating. The
sudden shutting down of a
nuclear reactor by the rapid
insertion of control rods, either
automatically or manually

by the reactor operator, is
referred to as a “scram.” This

Reactor Scrams per Plant

indicator measures the number

04 05 06 07 08 09 10 11 12 13  ©/ unplanned automatic scrams

that occurred while the reactor

Fiscal Year was critical.

Note: Data represents annual industry averages for operating reactors. The data is continuously updated to incorporate
recent information and any subsequent changes in its analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators: Industry Averages,
FYs 2004-2013

Significant Events

O
o

per Plant

Significant Events

A3

10
04 05 03 5o 03 02

10
.02

04 05 06 07 08 09 10 11 12 13

Fiscal Year

Significant events are events
that meet specific NRC criteria
—for example, degradation
of safety equipment, a

sudden reactor shutdown

with complications, or an
unexpected response to a
sudden degradation of fuel

or pressure boundaries. The
NRC staff identifies significant
events through detailed
screening and evaluation of
operating experience.

Note: Data represents annual industry averages for operating reactors. The data is continuously updated to incorporate
recent information and any subsequent changes in its analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators: Industry Averages,

FYs 2004-2013

10 Safety System Actuations

Actuations per Plant

04 05 06 07 08 09 10 11 12 13

Fiscal Year

Safety system actuations

are certain manual or
automatic actions taken to
start emergency core cooling
systems or emergency power
systems. These systems are
specifically designed to either
remove heat from the reactor
fuel rods if the normal core
cooling system fails or to
provide emergency electrical
power if the normal
electrical systems fail.

Note: Data represents annual industry averages for operating reactors. The data is continuously updated to incorporate

recent information and any subsequent changes in its analysis.
Source: Licensee data as compiled by the NRC



License Renewals Granted for Operating
Nuclear Power Reactors

& =1 units
ﬂ = 2 units
a = 3 units

Licensed to Operate (100)
a Original License (28) a License Renewal Granted (72)



U.S. Commercial Nuclear Power Reactors—
Years of Operation by the End of 2014

868,

10-19 years 20-29 years 30-39 years >40 years

Note: Ages have been rounded up to the end of the year. These numbers include Vermont Yankee, which is scheduled
to cease operations at the end of 2014.



U.S. Commercial Nuclear Power Reactor
Operating Licenses—Expiration by Year

=

A. License tttttt
Expiration AAAAASL
AAAAAA
A A AAAAAA
AAAA AAAAAA
AAAA AAAAAA
AAAA AAAAAA
AbAAAd AAAAAA
A {5 AAAA AAAAAA
AL AAA AAAA AAAAAA

201 35201 9 2020;2023 20242—62030 20316—72049

‘ Indicates Indian Point 2, which entered timely renewal on Sept. 29, 2013.
Note: These numbers include Vermont Yankee, which is scheduled to cease operations at the end of 2014.



License Renewal Process

< Opportunities for public interaction
* If arequest for a hearing is granted
*% Available at www.nrc.gov

Onsite
Safety Review Inspection(s)

10 CFR Part 54
Safety Inspection
Evaluation Reports
Issued**

Audit & Review

Safety Evaluatiol
Report with Open
License Renewal ltem(s) Issuec
Process and
Environmental

Scoping Meetings

Advisory
Committee on
Reactor Safeguards
ACRS) Review

Environmental

Review . .
10 CFR Part 51 Site Environment Audi

Safety
aluation

License _ ACRS
Renewal eview
Application**

Draft Hearings*

Supplement to
Generic

Issued™*

AN

Environmental
Impact Draft
Statement Supplemental

(GEIS) Issued** Environmental
Impact -
Final

Statement Supplement to
Public Meeting /¢ ccied*

NRC Decision
on Application**



U.S. Nuclear Research and Test Reactors

@ RTRs Licensed/Currently Operating (31)

SMALLEST
COMMERCIAL
POWER REACTOR

1,500 Megawatts

LARGEST
RESEARCH &
TEST REACTOR

20 Megawatts
thermal




U.S. Nuclear Research and Test Reactors

@ RTRs Licensed/Currently Operating (31)



New Reactor Licensing Process

Combined Safety Review

License
Application

Final
Safety
Evaluation

Notice of

Environmental " ments  Hearing
Review

Hearings

Final
Environmental
Impact

Statement Commission
Decision on
Application



Locations of New Nuclear Power Reactors Applications

River Bend* Grand Gulf*

Callaway™*

Nine Mile
Point*

Bell Bend
PSEG (ESP)

Shearon Harris*

William Lee

. Turkey Point
Comanche Peak* Bellefonte
V.C. Summer
Victoria County (ESP)* South Texas Levy County
(_‘_,= A proposed new reactor at or near an existing nuclear plant ‘ =1 unit
A: A proposed reactor at a site that has not previously produced nuclear power a _ 2 units
=

*A) = Approved reactor

* Review suspended
Note: Data is as of June 2014.



New Reactor Licensing Schedule of Applications by Design

Estimated Schedules by Calendar Year (as of July 1, 2014)
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

ABWR Program Review
South Texas Project (2)

ABWR AIA Design Certification Amendment E Effective 11712
e
(2 renewal applications: GE-Hitachi and Toshiba) Mot led
AP1000 Program Review
_ AP1000 Design Certification lssued
AP1000 Design Certification Amendment|

Southern - Vogtle ESP
Southem —Vogtle (GA) (2)
TVA Bellefonte (AL) (2)
Duke - Lee Station (50 2)
Progress Energy — Harris (NC)
South Carolina E&G - Summer (2)
Progress Energy - Levy County (FL) (2)

T e

EPR Program Review
EPR Design Certification Not Scheduled
UniStar - Calvert Clitfs (MD) (1)
AmerenUE - Callaway (MO) (1)
PPL Generation - Bell Bend (PA) (1} Schedule Under Review

ESBWR Program Review

Entergy - River Bend (LA) (1)
DTE —Fermi (M) (1)

Review Suspended 1/909

US-APWR Program Review

US-APVWR Design Cartification Not Scheduled
Luminant - Comanche Peak (TX) (2) Review Suspended 313/14.
Ke5c0 s oo [N >
Unannounced

Blue Castle Project (UT) (1} -_thsdleﬂled

Advanced Reactor Program Review Application Mot Received
BE&W mPower Design Certification _l

Application Mot Received

VA Clinch River Construction rernit [ |

Application Mot Recelved
NuScale Certification

[ pesign certification [l Current Combined License [] Hearing [ Early Site Permit [_] Projected Application [_] Rulemaking
Note: Lines depict approximate dates on schedule, Data on projected applications are based on information from potential
applicants and are subject to change, Schedules depicted for future activities represent nominal assumed review durations
based on submittal timeframes in letters of intent from prospective applicants. Numbers in () next to the COL name indicate
the number of units per site. The acceptance review is included at the beginning of the COL review. The rules in 10 CFR Part 2,
“Rules of Practice for Domestic Licensing Proceedings and Issuance of Orders,” govern hearings on COLs.



NRC Research Funding, FY 2014

NG

Total $50 Million

" Reactor Program—$42.7 M

B New/Advanced Reactor Licensing—$5.0 M
Homeland Security—$0.2 M

B Materials and Waste—$2.0 M

B Infrastructure Support—$0.1 M

el

Note: Totals may not equal sum of components because of independent rounding.



Moisture Density Gauge

Direct Transmission

7

Bioshield Gauge

Surface Detectors

Radiation

Source

A moisture density gauge indicates whether a foundation is suitable for

constructing a building or roadway.

Photo courtesy: APNGA



Commercial Irradiator

Photo courtesy: Nordion
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Life-Cycle Approach to Source Security
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The Nuclear Fuel Cycle

Fuel
Fabrication

Reactor

faas

Milling

Heﬂroc_essed
ranium

Reprocessing
acility*

Uranium Recovery

[ ] i AR

o0
e 30

In Situ  Mining | each

Natural
Uranium

Disposal

* Reprocessing of spent nuclear fuel including mixed-oxide fuel (MOX) is not practiced in the United States.
Note: The NRC has no regulatory role in mining uranium.



The Heap Leach Recovery Process
Acid Drip

Heap N

v

Liner
Acid

wation

Slope

AN

Collection
Basin

Processing
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The In Situ Uranium Recovery Process

> / Injection wells (1) pump a
Mining Solution Uranium i on—tvpi
Igrocessing Soutior chemical solution— typically

rom : .
: to Processing  9round water mixed with

P|% sodium bicarbonate, hydrogen
peroxide, and oxygen—into
the layer of earth containing
uranium ore. The solution
Sands, Clays, dissolves the uranium from the
and Gravels deposit in the ground and is then
N Upper Clay 3 pumped back to the surface
.-~ Monitoring through recovery wells (2) and
\. ’.l Wells sent to the processing plant
1-.~ , to be processed into uranium
\/ L1 yellowcake. Monitoring wells

Uranium-

Bearing (3) are checked regularly
Submersible Pump Sand to ensure that uranium and
Uranium Deposit Lower Clay chemicals are not escaping from

the drilling area.



Locations of NRC-Licensed Uranium Recovery
Facility Sites

M States with authority to license uranium recovery facility sites
B States where the NRC has retained authority to license uranium recovery facilities
® NRC-licensed uranium recovery facility sites (21)



Locations of Fuel Cycle Facilities

Uranium Hexafluoride Conversion Facility (1)

. Uranium Fuel Fabrication Facility (5) A Gas Centrifuge Uranium Enrichment Facility (4)
Mixed Oxide Fuel Fabrication Facility (1) A Laser Separation Enrichment Facility (1)
A Gaseous Diffusion Uranium Enrichment Facility (1) Uranium Hexafluoride Deconversion Facility (1)

Note: There are no fuel cycle facilities in Alaska or Hawaii.



Enrichment Processes

A. Gaseous Diffusion Process

CH -

A. The gaseous diffusion process

Enriched
Stream

Depleted
Stream

uses molecular diffusion to separate
a gas from a two-gas mixture. The
isotopic separation is accomplished
by diffusing uranium, which has been
combined with fluorine to form UFg

gas, through a porous membrane

(barrier) and using the different
molecular velocities of the two
isotopes to achieve separation.

B. The gas centrifuge process uses
a large number of rotating cylinders
in series and parallel configurations.
Gas Is introduced and rotated at high
speed, concentrating the component
of higher molecular weight toward

the outer wall of the cylinder and

the component of lower molecular

weight toward the center. The

enriched and the depleted gases are

removed by scoops.

B. Gas Centrifuge Process

Fraction

Enriched in

UFg Feed
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- gm gu Gu Gu Gm Gu gm g=
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Enrichment Processes

A. Gaseous Diffusion Process

Enriched
Stream

Depleted
Stream

A. The gaseous diffusion process
uses molecular diffusion to separate
a gas from a two-gas mixture. The
isotopic separation is accomplished
by diffusing uranium, which has been
combined with fluorine to form UFg
gas, through a porous membrane
(barrier) and using the different
molecular velocities of the two
isotopes to achieve separation.



Enrichment Processes

B. Gas Centrifuge Process

B. The gas centrifuge process uses
a large number of rotating cylinders
in series and parallel configurations.
Gas is introduced and rotated at high
speed, concentrating the component
of higher molecular weight toward
the outer wall of the cylinder and

the component of lower molecular
weight toward the center. The
enriched and the depleted gases are
removed by scoops.

UFg Feed

= =p

Fraction
Enriched in
U-235
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Simplified Fuel Fabrication Process

4 &

L—n»&m a5 » ke

Incoming UF, U0, Powder Fuel Rod/ Transport to
UFg Vaporigaﬁon Powder Processing/Pellet  Bundle/Assembly/  Nuclear
Cylinders Production Manufacturing Quality Check Reactors

Fabrication of commercial light-water reactor

fuel consists of the following three basic steps:

(1) the chemical conversion of UFe to UO2
powder

(2) a ceramic process that converts UO2
powder to small ceramic pellets

(8) a mechanical process that loads the fuel

pellets into rods and constructs finished Worker displays a small ceramic
fuel assemblies Sfuel pellet.

Workers assemble fuel pellets into fuel rods.



Simplified Fuel Fabrication Process
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Incoming UFg uo, Powder Fuel Rod/ Transport to
UFg Vaporization Powder Processing/Pellet  Bundle/Assembly/  Nuclear
Cylinders Production Manufacturing Quality Check Reactors

Fabrication of commercial light-water reactor
fuel consists of the following three basic steps:

(1) the chemical conversion of UFg to UO2
powder

(2) a ceramic process that converts UOo
powder to small ceramic pellets

(3) a mechanical process that loads the fuel
pellets into rods and constructs finished Worker displays a small ceramic
fuel assemblies fuel pellet.




Low-Level Waste Disposal

Top Soil
Impermeable Clay Reinforced-
Concrete Vaults

Low-Level

Canisters

Drainag
System

This LLW disposal site accepts waste from States participating in a regional

disposal agreement.



Spent Fuel Generation and Storage after Use

A nuclear reactor is powered

by enriched uranium-235
Juel. Fission (splitting of atoms)
generates heat, which produces
steam that turns turbines to
produce electricity. A reactor
rated at several hundred
megawatts may contain 100 or
more tons of fuel in the form of
bullet-sized pellets loaded into
long metal rods that are bundled
together into fuel assemblies.
Pressurized-water reactors

(PWRs) contain between 150 and

200 fuel assemblies. Boiling-water
reactors (BWRs) contain between

370 and 800 fuel assemblies.

Uranium
Fuel Pellets

After 5-6 years, spent

fuel assemblies—typically
14 feet (4.3 meters) long and
containing nearly 200 fuel rods
for PWRs and 80-100 fuel rods
for BWRs—are removed from
the reactor and allowed to cool
in storage pools for a few years.
At this point, the 900-pound
(409-kilogram) assemblies
contain only about one-fifth the

original amount of uranium-235.

Commercial light-water nuclear reactors store spent radioactive fuel
3 in a steel-lined, seismically designed concrete pool under about 40 feet
(12.2 meters) of water that provides shielding from radiation. Water pumps
supply continuously flowing water to cool the spent fuel. Extra water for
the pool is provided by other pumps that can be powered from an onsite
emergency diesel generator. Support features, such as water-level monitors
and radiation detectors, are also in the pool. Spent fuel is stored in the pool
until it can be transferred to dry casks onsite (as shown in Figure 42) or
transported offsite to a high-level radioactive waste disposal site.

?

!
Bundle of Canister Storage

Spent Fuel Cask
Source: DOE and the Nuclear .
Assemblies

Energy Institute



Spent Fuel Generation and Storage after Use

A nuclear reactor is powered

by enriched uranium-235
fuel. Fission (splitting of atoms)
generates heat, which produces
steam that turns turbines to
produce electricity. A reactor
rated at several hundred
megawatts may contain 100 or
more tons of fuel in the form of
bullet-sized pellets loaded into
long metal rods that are bundled
together into fuel assemblies.
Pressurized-water reactors
(PWRs) contain between 150 and
200 fuel assemblies. Boiling-water

reactors (BWRs) contain between

370 and 800 fuel assemblies.

Uranium
Fuel Pellets
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Spent Fuel Generation and Storage after Use

Fuel
Assembly

After 5-6 years, spent

Jfuel assemblies—itypically
14 feet (4.3 meters) long and
containing nearly 200 fuel rods
for PWRs and 80-100 fuel rods
for BWRs—are removed from
the reactor and allowed to cool
in storage pools for a few years.
At this point, the 900-pound
(409-kilogram) assemblies
contain only about one-fifth the

original amount of uranium-235.



Spent Fuel Generation and Storage after Use
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Commercial light-water nuclear reactors store spent radioactive fuel
3 in a steel-lined, seismically designed concrete pool under about 40 feet
(12.2 meters) of water that provides shielding from radiation. Water pumps
supply continuously flowing water to cool the spent fuel. Extra water for
the pool is provided by other pumps that can be powered from an onsite
emergency diesel generator. Support features, such as water-level monitors
and radiation detectors, are also in the pool. Spent fuel is stored in the pool
until it can be transferred to dry casks onsite (as shown in Figure 42) or
transported offsite to a high-level radioactive waste disposal site.

?

I
Bundle of Canister Storage

Spent Fuel Cask
Source: DOE and the Nuclear As bli
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Spent Fuel Generation and Storage after Use
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Commercial light-water nuclear reactors store spent radioactive fuel
3 in a steel-lined, seismically designed concrete pool under about 40 feet
(12.2 meters) of water that provides shielding from radiation. Water pumps
supply continuously flowing water to cool the spent fuel. Extra water for
the pool is provided by other pumps that can be powered from an onsite
emergency diesel generator. Support features, such as water-level monitors
and radiation detectors, are also in the pool. Spent fuel is stored in the pool
until it can be transferred to dry casks onsite (as shown in Figure 42) or

transported offsite to a high-level radioactive waste disposal site.



Spent Fuel Generation and Storage after Use
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Dry Storage of Spent Nuclear Fuel

At some nuclear reactors across the country, spent fuel is kept onsite,

typically above ground, in systems basically similar to the ones shown here.

Once the spent fuel has
1 sufficiently cooled, it is
loaded into special canisters
that are designed to hold

nuclear fuel assemblies. Water
and air are removed. The
canister is filled with inert gas,
welded shut, and rigorously
tested for leaks. It is then
placed in a cask for storage or
transportation. The NRC has
approved the storage of up to
40 PWR assemblies and up to
68 BWR assemblies in each
canister. The dry casks are then
loaded onto concrete pads.

The canisters can also be stored in
above ground concrete bunkers,
each of which is about the size of a

one-car garage.




Dry Storage of Spent Nuclear Fuel

At nuclear reactors across the country, spent fuel is kept onsite, typically

above ground, in systems basically similar to the ones shown here.
The NRC reviews and
approves the designs of these
spent fuel storage systems

before they can be used.

Once the spent fuel has
1 sufficiently cooled, it is
loaded into special canisters
that are designed to hold

nuclear fuel assemblies.

Water and air are removed.
The canister is filled with inert gas,
welded shut, and rigorously tested for
leaks. It is then placed in a cask for

storage or transportation. The dry casks

are then loaded onto concrete pads.



Dry Storage of Spent Nuclear Fuel

The canisters can also be stored in

above ground concrete bunkers,
each of which is about the size of a
one-car garage.




Licensed and Operating Independent Spent
Fuel Storage Installations by State

34 States have at least one ISFSI

ALABAMA
@ Browns Ferry
® Farley

ARIZONA
@ Palo Verde

ARKANSAS
@ Arkansas Nuclear

CALIFORNIA

A Diablo Canyon
A Rancho Seco
@ San Onofre

A Humboldt Bay

COLORADO
A Fort St. Vrain

CONNECTICUT
@ Haddam Neck
@ Millstone

FLORIDA
@ St. Lucie
@ Turkey Point

GEORGIA
@ Hatch
@ Vogtle

IDAHO

A DOE: TMI-2 (Fuel Debris)
A Idaho Spent Fuel Facility

Data as of June 1, 2014

ILLINOIS

@ Braidwood
@Byron

A GE Morris (Wet)
@ Dresden
®LaSalle

® Quad Cities
@ Zion

IOWA

@ Duane Arnold
LOUISIANA

@ River Bend
@ Waterford

MAINE
@ Maine Yankee

MARYLAND
A Calvert Cliffs

MASSACHUSETTS
@ Yankee Rowe

MICHIGAN

@ Big Rock Point
@ Palisades

® Cook

MINNESOTA
@ Monticello
A Prairie Island

A Site-Specific License (15)
@ General License (56)

MISSISSIPPI
@ Grand Gulf

NEBRASKA
@ Cooper
@ Ft. Calhoun

NEW HAMPSHIRE
@ Seabrook

NEW JERSEY

@ Hope Creek

@ Salem

@ Oyster Creek
NEW YORK

@ Indian Point

@ FitzPatrick

@ Ginna

@ Nine Mile Point
NORTH CAROLINA
@ Brunswick

@ McGuire

OHIO

@ Davis-Besse
@ Perry
OREGON

A Trojan

PENNSYLVANIA
@ Limerick

@ Susquehanna
@ Peach Bottom

SOUTH CAROLINA
@ A Oconee

@ A Robinson

@ Catawba
TENNESSEE

® Sequoyah
TEXAS

@ Comanche Peak
UTAH

A Private Fuel Storage
VERMONT

@ Vermont Yankee
VIRGINIA

@ A Surry

@ A North Anna
WASHINGTON

@ Columbia
WISCONSIN

@ Point Beach

® Kewaunee
@ LaCrosse



Licensed and Operating Independent Spent
Fuel Storage Installations by State

A Site-Specific License (15)
@ General License (56)

34 States have at least one ISFSI



Ensuring Safe Spent Fuel Shipping Containers

The impact (free drop and puncture), fire, and water immersion tests
are considered in sequence to determine their cumulative effects on a

given package.



Power Reactors Decommissioning Status

0 Trojan

Big Rock Vermont Yankee

Point
Kewaunee
LaCrosse
Humbaoldt Bay 3 Pathfinder 0
hree Mile
Zion1 &2 Island 2
@ Rancho seco Fermi 1 gaxton

Vallecitos Dresden 1

N.S. Savannah
(Baltimore Harbor)

San Onofre 1

San Onofre 2 & 3

L Letter of Intent
@ Early Stages
© SAFSTOR

@ DECON

| ISFSI (Independent Spent Fuel Storage Installation)
T License Terminated

Crystal River 3 §

Decommissioning Completed

Notes: GE Bonus, CVTR, Elk River, Hallam, Piqua, and Shippingport are part of the DOE legacy reactors.
For more information contact DOE/NNSA at www.doe.nnsa.gov.



Locations of NRC-Regulated Complex Material
Sites Undergoing Decommissioning

® NRC-regulated complex material sites (16)



Facilities Undergoing Decommissioning
under NRC Jurisdiction

16 8 2 11
17 complex research fuel uranium
nuclear material and test cycle recovery
reactors sites reactors facilities facilities

pbl




Security Components

Guard Water Intrusion
Towers Barriers Detection

: System/
Fenceline

............

TR Protecting

— L il )

nuclear facilities

requires all of the

security features

to come together

Controls Security

Officers and work as one.



Industry Performance Indicators:
Industry Averages, FYs 2004-2013

Alert and Notification System (ANS) Reliability
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100
99.77 99.77

99.68

99.59
99.57
99.48 99.53
% 90.45
99.34
99.23
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04 05 06 07 08 09 10 11 12 13
Fiscal Year

This figure shows the
percentage of ANS
sirens that successfully
operated during
periodic tests in the
previous year. The
result is an indicator
of the reliability of the
ANS to alert the public

in an emergency.

Note: Data represents annual industry averages for operating reactors. The data is continuously updated

to incorporate recent information and any subsequent changes in its analysis.

Source: Licensee data as compiled by the NRC



Emergency Planning Zones

Food Safety Sampling

pe Y

50-mile food sampling area
T , ‘! !l [ .l ll !\ 7
: R Milk and
Livestock

10-mile plume-exposure pathway

> Crops
g and Soil

.
-
-

Note: A 2-mile ring around the plant is identified for evacuation, along with a 5-mile zone downwind of
the projected release path.




Emergency Classifications for
Nuclear Reactor Events, 2013

Alert

Actual or Potential
Substantial Degradation
in Level of Safety

Notification of

Unusual Events

Potential Degradation
in Level of Safety

29

2013



The International Nuclear and Radiological Event Scale

7 MAJOR ACCIDENT .

6 SERIOUS ACCIDENT -
5 ACCIDENT WITH
WIDER CONSEQUENCES _
4 ACCIDENT WITH
LOCAL CONSEQUENCES l
3 SERIOUS INCIDENT \ I

Below Scale/ Level 0
NO SAFETY SIGNIFICANCE

INES events are classified on the scale at 7 levels. Levels 1-3 are called
“incidents” and Levels 4-7 “accidents.” The scale is designed so that the severity
of an event is about 10 times greater for each increase in level on the scale.

Events without safety significance are called “deviations” and are classified as
Below Scale or at Level 0.




. Commercial Nuclear Power Reactors
Undergomg Decommissioning and Permanently Shut
Down Formerly Licensed To Operate

Kewaunee

! Humboldt Bay LaCrosse i

Millatune . A

IndHn Point -

B Vallecitos Dresden 8 g
<Bi|tlmore Hirbo

B San Onofre

Crystal River

Reactor Decommissioning Sites



Projected Electric Capacity Dependent
on License Renewals

Capacity Gigawatts Electric (GWe)
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Industry Performance Indicators:
Industry Averages, FYs 2004-2013

Safety System Failures

) Safety system
failures are any
actual failures,
events, or conditions
that could prevent

) 1.01 a system from
L - 96 .96 performing its
required safety
function.

Failures per Plant

04 05 06 07 08 09 10 11 12 13
Fiscal Year

Note: Data represent annual industry averages for operating reactors. The data are continuously updated to incorporate
recent information and any subsequent changes in analysis.

Source; Licensee data as compiled by the NRC



Industry Performance Indicators:
Industry Averages, FYs 2004-2013

Forced OUtage Rate The forced outage rate

is the number of hours
that the plant is unable
to operate (forced outage
hours) divided by the sum
of the hours that the plant
is generating and

234 transmitting electricity
1.88 147 2.21 1.74 1.80 (unit service hours) and

141 134 : the hours that the plant is

unable to operate (forced

(®)]

LN

(A

outage hours).

Forced Outage Rate (%)
N
N
[\
&

o

04 05 06 07 08 09 10 11 12 13
Fiscal Year

Note: Data represent annual industry averages for operating reactors. The data are continuously updated to incorporate
recent information and any subsequent changes in analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators:
Industry Averages, FYs 2004-2013

Equipment-Forced Outages
per 1,000 Critical Hours

This indicator is the
number of times the
0.3 plant is forced to
shut down because
of equipment failures
Jor every 1,000 hours
0.2 that the plant is

in operation and
transmitting
electricity.

0.1

Equipment-Forced Outage Rate per
1,000 Commercial Critical Hours

©
o

04 05 06 07 08 09 10 11 12 13
Fiscal Year

Note: Data represent annual industry averages for operating reactors. The data are continuously updated to incorporate
recent information and any subsequent changes in analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators:
Industry Averages, FYs 2004-2013

100 Drill/Exercise Performance

The percentage of
timely and accurate
actions taken

©
00

97.51 97.54

97.30 by plant personnel

(emergency
classifications,
protective action
recommendations,
and notification to
offsite authorities)
in drills and actual
events during the
previous 2 years.

Timely and Accurate Actions (Percent)

04 05 06 07 08 09 10 11 12 13

Fiscal Year

Note: Data represent annual industry averages for operating reactors. The data are continuously updated to incorporate
recent information and any subsequent changes in analysis.

Source: Licensee data as compiled by the NRC



Industry Performance Indicators:
Industry Averages, FYs 2004-2013
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Emergency Response Organization (ERO)

Drill Participation

99.44
99.43 g9 13

The percentage of
participation by
08.65 98.77 key plant personnel
in drills or actual
08.20 o16 events in.the. pr.givious
2 years, indicating
97.90 97.89 proficiency and
97.55 readiness to
respond to

emergencies.

04 05 06 O7 08 09 10 11 12 13

Fiscal Year

Note: Data represent annual industry averages for operating reactors. The data are continuously updated to incorporate
recent information and any subsequent changes in analysis.

Source: Licensee data as compiled by the NRC



Agreement States

B Agreement States
M Non-Agreement States




Radiation Doses and Regulatory Limits

5 000 ; 0000
1,000

1,000 1
)
£
£
= 800 -
=
£
§ 600 1
o
(a]

400 1
200 ] I
100
40 30 10
4 2.5
0 xwe' o5 .30053 pos® a: 9: P@_‘J \ate! ot
\NO \e © Od\J oo \,\a\ cou® xour ub\‘c’ NoUf P ermi© T ang xo PO
o) (a ) ) \? G 0 ) 2!

N 0\\N“ S B B v £1O D )
e @?\ eV @ (@ AR se@ “gPP e

ﬂ“" e 29 ‘Qa\.\l ‘\\a\.\) . \’(,\ S

0059\,\ N I\““ua\ o WO e uee
PO -2
()e;“"er - Dose Limit from NRC-Licensed Activity . Radiation Doses



Storage of Commercial Spent Fuel by State through 2013
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State

Idaho is holding used fuel from Three Mile Island 2. The used fuel data are rounded up to the

nearest 10 for CY 2013.

Source: U.S. Department of Energy at Oak Ridge National Laboratory.

Updated: April 2014.



Native American Reservations and Trust Lands
within a 50-Mile Radius of a Nuclear Power Plant

ARIZONA
Palo Verde
Ak-Chin Indian Community
Tohono O'odham
Trust Land
Gila River Reservation
Maricopa Reserve

CALIFORNIA
San Onofre*
Pechanga Reservation

of Luisefio Indians

Pala Reservation
Pauma & Yuima Reserve
Rincon Reservation
San Pasqual Reservation
La Jolla Reservation
Cahuilla Reservation
Soboba Reservation
Santa Ysabel
Mesa Grande Reservation
Barona Reservation

CONNECTICUT
Millstone
Mohegan Reservation
Mashantucket Pequot
Reservation
Narragansett
Reservation

FLORIDA
St. Lucie
Brighton Reservation
(Seminole Tribes
of Florida)
Fort Pierce Reservation

Turkey Point

Miccosukee
Reservation

Hollywood Reservation
(Seminole Tribes
of Florida)

IOWA
Duane Arnold
Sac & Fox Trust Land
Sac & Fox Reserve

LOUISIANA
River Bend
Tunica-Biloxi Reservation

MASSACHUSETTS
Pilgrim
Wampanoag
Tribe of Gay Head
(Aquinnah)
Trust Land

* San Onofre and Kewaunee ceased operations.
t Tribe is located within the 10 mile emergency preparedness zone.

Note: This table uses NRC-abbreviated reactor names and Native American Reservation and Trust land names. There are no
reservations and Trust lands within 50 miles of a reactor in Alaska or Hawaii. For more information on other Tribal concerns go

to the NRC Web site at: www.nrc.gov/

MINNESOTA
Monticello
Shakopee Community
Shakopee Trust Land
Mille Lacs Reservation

Prairie Island

Prairie Island (Iommun'ny*
Prairie Island Trust Land '
Shakopee Community
Shakopee Trust Land

NEBRASKA
Cooper
Sac & Fox Trust Land
Sac & Fox Reservation
Kickapoo
Fort Calhoun
Winnebago Trust Land
Omaha Reservation
Winnebago Reservation

NEW YORK
FitzPatrick
Onondaga Reservation
Oneida Reservation

Nine Mile Point
Onondaga Reservation
Oneida Reservation

NORTH CAROLINA
McGuire
Catawba Reservation

SOUTH CAROLINA
Catawba
Catawba Reservation

Oconee
Eastem Cherokee
Reservation

Summer
Catawba Reservation

WASHINGTON
Columbia
Yakama Reservation
Yakama Trust

WISCONSIN
Kewaunee*
Oneida Trust Land
Oneida Reservation
Point Beach
Oneida Trust Land
Oneida Reservation



Native American Reservations and Trust Lands
within a 50-Mile Radius of a Nuclear Power Plant




